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OD\HUWUDYHUVH
$GYDQWDJHVRIWKHWHFKQRORJ\DUHSUHFLVHGHSRVLWLRQVJUDGHGPDWHULDOXVHDQGDORZKHDWLQSXWZKLFKUHVXOWVLQD
ORZGLVWRUWLRQDQGDVPDOOKHDWDIIHFWHG]RQH7KHZHOGSRROKDVDVPDOOVL]HDQGPLQLPL]HVWKHGLOXWLRQRIEDVHDQG
ILOOHU PDWHULDO GRZQ WR  6FRSHV RI DSSOLFDWLRQ DUH UHSDLU RI H[SHQVLYH SDUWV OLNH WXUELQH EODGHV RU GLH WRROV
FRDWLQJVIRUZHDUSURWHFWLRQDQGIDVWSURWRW\SLQJRIQHZSDUWVLQGHYHORSPHQW,QUHODWLRQWRDORZFDUERQIRRWSULQW
LWLVVKRZQWKDWDGDPDJHGSDUWYROXPHRIOHVVWKDQLVQHFHVVDU\FRPSDUHGWRUHSODFHLWE\DQHZPDQXIDFWXUHG
EODGH+LJKHUODVHUHIILFLHQF\DVZHOODVLQFUHDVLQJFRPSOH[LW\RIWXUELQHFRPSRQHQWVLQIOXHQFHWKHFDUERQIRRWSULQW
DQGPD\FKDQJH WKLVYDOXH7KH UHVXOWLQJPHFKDQLFDOSURSHUWLHVRID UHPDQXIDFWXUHG WXUELQHEODGHRIQLFNHOEDVH
DOOR\VDUHFRPSDUDEOHWRVWDQGDUGFRPSRQHQWV:LOVRQHWDO$SURFHVVRULHQWDWHGSUHSDUDWLRQLVQHFHVVDU\WR
DYRLGERQGLQJGHIHFWVDQGHQVXUHDQXQDIIHFWHGSURFHVV*UDIHWDO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)RU WKLQZDOOVFRQVLVWLQJRIVLQJOH WUDFNVDFRQWUROOHG/0'SURFHVV LVSUHVHQWHGE\*XLMXQDQG*DVVHU 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,QFUHDVLQJWHPSHUDWXUHVRYHUWKHEXLOGLQJWLPHLQIOXHQFHWKHPHOWSRRODQGOHDGWRDQH[FHVVLYHEXLOGXSLQFRUQHU
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WKHLUUHJXODULWLHV
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LV SRVVLEOH E\ DQ LQFOLQDWLRQ RI WKH SRZGHU QR]]OH+HQVLQJHU HW DO  7KDW UHTXLUHV IUHH VSDFH IRU WKH WRRO
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$FRQWRXU OD\HUFRPELQHGZLWKDFXVWRPL]HGSHQGXOXPVWUDWHJ\DYRLGV WKHVWDLUVWHSHIIHFWE\F\OLQGULFDO
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FRQWRXURUVSLUDOVWUDWHJLHV&DOOHMDHWDO
([SHULPHQWDO
2.1. Materials and experimental procedure 
7KHH[SHULPHQWVZHUHFRQGXFWHGZLWKD75803)7UX'LVNN:<E<$*ODVHUDQGDMHWSRZGHUQR]]OH
7KHVHWXSRIWKHFDUULHUJDV+HOLXPZLWKOPLQDQGWKHVKLHOGLQJJDV$UJRQZLWKOPLQZHUHFRQVWDQWIRU
DOOH[SHULPHQWV7KHSRZGHUPDWHULDOZLWKDJUDLQVL]HRIђPWRђPDVZHOODVWKHJURXQGPDWHULDOVFRQVLVWHG
RIWKHQLFNHOEDVHDOOR\,QFRQHO7KHFKHPLFDOFRPSRVLWLRQRIWKHSRZGHULVVKRZQLQ7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQRI,QFRQHOPDQXIDFWXUHUVSHFLILFDWLRQLQZW
&U 0R $O &X 1E 7L )H & 1L
        EDODQFH

7KHRULHQWDWLRQRIWKHSRZGHUQR]]OHLVLQDOOH[SHULPHQWVSHUSHQGLFXODUWRWKHWRSVXUIDFHRIWKHFRPSRQHQW7KH
RYHUODSUDWLRIRUWKHOD\HUVLV
2.2. Component shape and build-up strategies 
7KHFRQQHFWLRQDUHDRIDJDVWXUELQHEXUQHUPDQXIDFWXUHGE\VHOHFWLYHODVHUPHOWLQJ6/0ZDVUHPRYHGIRUD
UHEXLOGZLWK/0'7KHVKDSHRI WKHUHSDLULQJSDUWRI WKHFRPSRQHQWFRUUHVSRQGV WRDKROORZF\OLQGHUZLWK WKUHH
GLIIHUHQWVL]HVRIKHLJKWZDOOWKLFNQHVVDQGGLDPHWHURYHUWKHZKROHEXLOGGLUHFWLRQ)LYHSDUDPHWHUVHWVZHUHXVHG
IRUWKHEXLOGXSLQYHVWLJDWLRQV7DEOH
7DEOH8VHGSDUDPHWHUVHWV
3DUDPHWHU 'R(VSDFH 36 36 36 36 36
/DVHUSRZHULQ: WR     
6SRWGLDPHWHULQPP WR     
:HOGLQJYHORFLW\LQPPPLQ WR     
3RZGHUPDVVIORZLQJPLQ WR     

7KHFRPSRQHQWZDVVOLFHGLQWRWKUHHVLQJOHKROORZF\OLQGHUV&&DQG&7DEOHVKRZVWKHZDOOWKLFNQHVVHV
RIWKHF\OLQGHUV$SRRORIGLIIHUHQWWUDFNVL]HVLVJLYHQE\SUHYLRXVVWXGLHVXVLQJD'R(ZKLFKSDUDPHWHUVSDFHLV
VKRZQLQ7DEOH7KHSDUDPHWHUVHWVZLWKWKHEHVWZHOGSHQHWUDWLRQDQGVXUIDFHURXJKQHVVZHUHFKRVHQ7KHEHVW
ILWWLQJWUDFNVDUHLGHQWLILHGE\DFDOFXODWLRQIRUDQHDUQHWVKDSHDQGDQRYHUODSUDWLRFORVHWR$QRYHUVL]HXSWR
PPZDVXVHG
7DEOH:DOOWKLFNQHVVRIGLIIHUHQWSDUWV
3DUW :DOOWKLFNQHVV 2YHUVL]HRIPP 2YHUVL]HRIPP 2YHUVL]HRIPP
 LQPP 3DUDPHWHUVHW 2YHUODSUDWLR 3DUDPHWHUVHW 2YHUODSUDWLR 3DUDPHWHUVHW 2YHUODSUDWLR
&  36  36  36 
&  36  36  36 
&    36   
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$VLQJOHOD\HUZDVEXLOWE\FLUFOHVRIGLIIHUHQWGLDPHWHU7KHVWDUWLQJSRLQWZDVFKDQJHGDORQJWKHFRQWRXUDIWHU
HDFK OD\HUE\7KUHHEXLOGXSVWUDWHJLHVZHUH LQYHVWLJDWHGZLWKGLIIHUHQWFRPELQDWLRQVRI OD\HUFRPSRVLWLRQV
7KH OD\HU FRPSRVLWLRQV DUH VKRZQ LQ )LJ  7KH SUHOLPLQDU\ LQYHVWLJDWLRQV RI WKH VLQJOH SDUWV ZHUH PDGH RQ
VXEVWUDWHSODWHV$IWHUZDUGVWKHFRPELQHGEXLOGXSZDVWUDQVIHUUHGWRUHEXLOGWKHFRQQHFWLRQDUHDRIWKHJDVWXUELQH
EXUQHU7KHVXUIDFHVRIWKHVSHFLPHQVZHUHFOHDQHGZLWKDFHWRQHEHIRUHWKHSURFHVV


)LJD/D\HUFRPSRVLWLRQEOD\HUWUDYHUVH
5HVXOWVDQG'LVFXVVLRQ
3.1. Build up strategies and near net shape 
7KH H[SHULPHQWDO UHVXOWV DUH VFKHPDWLFDOO\ VKRZQ LQ)LJ 7KH VWDUWLQJSRLQW URWDWLRQ DORQJ WKH HGJH DYRLGV
HUURUSURSDJDWLRQOLNHLWLVPHQWLRQHGE\=KDQJHWDOIRUVLQJOHZDOOHGWXEHSDUWVDQGE\3HWUDWHWDO
IRUIXOOSDUWVRIF\OLQGULFDOVKDSH7KHVWDUWLQJSRLQWVDUHYLVLEOHRQWKHVLGHZDOODQGDIWHUHDFKOD\HUEXWGRQRWDGG
XSRYHU WKHSURFHVV6WUDWHJ\/6ZLWK D VWDUWLQJSRLQW RQ WKH VDPHHGJH OHDGV WR D IDOO RII LQ WKH LQQHU DUHD LQ
FRQWUDVW WR WKH RXWHU HQG DUHD 7KLV EHKDYLRU LV GHWHFWHG E\ WKH GLIIHUHQW SDUDPHWHU FRPELQDWLRQV DQG ZDOO
WKLFNQHVVHV$IWHUIRXUOD\HUVWKHLQQHUHGJHKDVDORZHUKHLJKWRIPRUHWKDQRQHVLQJOHWUDFN7KLVKDVDQHJDWLYH
LQIOXHQFHRQWKHIROORZLQJEXLOGXSZKLFKFDQEHVHHQE\ZHOGEHDGV7KHIDOORIIVSUHDGVRYHUWRWUDFNWZRDQG
WKUHHZLWKLQWKHIROORZLQJOD\HUV$VPDOOGHFUHDVHLVDOVRGHWHFWHGRQWKHHGJHRIWKHHQGDUHD


)LJ%XLOGXSRIGLIIHUHQWVWUDWHJLHV
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7KHFKDQJLQJ VWDUW HGJH LQ/6GHOD\V WKH IDOO RII DQG HTXDOL]HV WKH LQQHU DQGRXWHU HGJH DUHD7ZR WR WKUHH
DGGLWLRQDORXWHUFLUFOHVDUHQHHGHGDIWHUOD\HUVWREDODQFHWKHKHLJKW
$QDGGLWLRQDORXWHUDQGLQQHUFLUFOHHYHU\OD\HUVDUHXVHGLQVWUDWHJ\/6$KROORZF\OLQGHU&ZLWKVWUDWHJ\
/6DQG/6LVVKRZQLQ)LJ7KHHGJHDUHDVDUHHTXDOWRWKHLQQHUILHOGDQGWKHEXLOGXSLVFRQVWDQWRYHU
OD\HUV


)LJ+ROORZF\OLQGHUZLWKDVWUDWHJ\/6DQGEVWUDWHJ\/6
7KHPHDVXUHGZDOOWKLFNQHVVHVRIWKHEXLOGXSVWUDWHJLHVFDQEHVHHQLQ7DEOHDIWHUDGLIIHUHQWQXPEHURIOD\HUV
$OOVWUDWHJLHVVKRZDVLPLODUWKLFNQHVVLQWKHILUVWOD\HUV/6DQG/6KDYHDGHFUHDVHLQWKHIROORZLQJEXLOGXS
SURFHVVZKLFKUHVXOWV LQVORSSLQJVLGHZDOOV7KHIDOORIIE\/6OHDGVWRDGHYLDWLRQRIPRUHWKDQPP7KH
GHYLDWLRQ RI /6 LV ZLWK PPPXFK VPDOOHU EXW LW LV H[SHFWHG WKDW WKH LQFUHDVLQJ IDOO RII ZLOO UHVXOW LQ DQ
LQFUHDVLQJ GHYLDWLRQ $ FRQVWDQW EXLOGXS LV DFKLHYHG ZLWK VWUDWHJ\ /6 7KH ZDOO WKLFNQHVV YDULHV EHWZHHQ
PPDQGPP7KHKLJKHUYDOXHVZHUHPHDVXUHGLQWKHDUHDRIWKHDGGLWLRQDORXWHUFLUFOHV
7DEOH:DOOWKLFNQHVVZLWKGLIIHUHQWEXLOGXSVWUDWHJLHVDQGDQRYHUVL]HRIPP
6WUDWHJ\ /6 /6 /6
$IWHUOD\HUV PP PP PP
$IWHUOD\HUV PP PP PP
$IWHUOD\HUV PP PP PP

7KHZDOOWKLFNQHVVHVRISDUW&DUHPHDVXUHGIRUVWUDWHJ\/6ZLWKGLIIHUHQWRYHUGLPHQVLRQVDQGDUHVKRZQLQ
7DEOH$OOWKUHHSDUDPHWHUVHWVUHVXOWLQDGHYLDWLRQEHWZHHQFDOFXODWHGDQGPHDVXUHGSDUWGLPHQVLRQ
7DEOH:DOOWKLFNQHVVZLWKEXLOGXSVWUDWHJ\/6DQGGLIIHUHQWRYHUVL]H
RYHUVL]H PP PP PP
$IWHUOD\HUV PP PP PP
$IWHUOD\HUV PP PP PP
$IWHUOD\HUV PP PP PP

7KHWDUJHWWKLFNQHVVLVPPZLWKDQRYHUVL]HRIPPRQHDFKVLGHRIWKHZDOOZKLFKUHVXOWVLQDWRWDOZDOO
WKLFNQHVVRIPP,QWKLVFDVHWKHGHYLDWLRQLVQRWFRQVLVWHQWRYHUWKHGLIIHUHQWSDUDPHWHUV&ZLWKSDUDPHWHUVHW
36DQGDFDOFXODWHGRYHUVL]HRIPPKDVDVPDOOHUGLPHQVLRQRIPPWRPP7KHXVHRISDUDPHWHUVHW
367DEOHIRUDQRYHUVL]HRIPPGLIIHUVE\WRPPRIFDOFXODWHGWRPHDVXUHGYDOXH7KLVUHVXOWVLQ
DQXQGHUVL]HGGLPHQVLRQRIPPWRPPWRWKHQRPLQDOGLPHQVLRQ7KHGHYLDWLRQRISDUDPHWHUVHW36IRU
DQRYHUVL]HRIPPLVORFDWHGEHWZHHQWKHRWKHUVZLWKDYDOXHRIWRPP7KHRYHUVL]HLVPPWR
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PPDQG DOORZV D VXEWUDFWLYH SRVW SURFHVVLQJ WR QRPLQDO GLPHQVLRQV7KHPHDVXUHG RYHUVL]H LQ WKLV FDVH LV
PPWRELJRQHDFKVLGH7KHVLGHZDOOVKDYHDVXUIDFHURXJKQHVVRIPPZLWK/66LPLODUUHVXOWVLQEXLOG
XSDQGQHDUQHWVKDSHDUHGHWHFWHGIRUSDUW&)LJVKRZVDOOVLQJOHSDUWVLQWKHILQDOKHLJKWRQDVXEVWUDWHSODWH
7KHGLIIHUHQFHVLQGHYLDWLRQFDQEHH[SODLQHGE\WKHFDOFXODWLRQRIWKHFRPSRQHQWJHRPHWU\DVZHOODVWKHGLIIHUHQW
SDUDPHWHUVHWV7KHWKHRUHWLFDOZDOOWKLFNQHVVLVFDOFXODWHGE\WKHVL]HRIVLQJOHWUDFNVZKLFKDUHZHOGHGRQDPHWDO
SODWH7KHZHOGSRRO IRUPDWLRQ LQ HGJH DUHDV GLIIHUV IURP WKDW DQG LQIOXHQFHV WKH UHVXOWLQJGHSRVLWLRQ7KHZHOG
EHDGVRQWKHVLGHZDOOVDUHLQGLFDWLQJWKHORVVRIPDWHULDOLQWKLVUHJLRQ7KHZHOGLQJYHORFLW\DGGLWLRQDOO\FKDQJHV
WKHKHDWLQSXWDQGWKHDPRXQWRIPDWHULDOSHUVHFWLRQ


)LJ3DUW&&DQG&LQILQDOKHLJKWRQDVXEVWUDWHSODWH
3.2. Combined part repair 
7KH FRPELQDWLRQ RI WKH VLQJOH SDUWV RQWR D VXEVWUDWH SODWH FRXOG EH FDUULHG RXWZLWKRXW DQ DGMXVWPHQW RI WKH
LQYHVWLJDWHGEXLOGXSVWUDWHJLHV7KHLQQHUVLGHZDOORIDVSHFLPHQZLWKOD\HUVRIHDFKSDUWLVVKRZQLQ)LJD
7KHFRQQHFWLRQEHWZHHQWKHGLIIHUHQWSDUWVLVVOLJKWO\VHHQLQWKHDUHDRIWKHFKDQJLQJSDUDPHWHUVHWVDQGWKHVPDOO
VWHSEHWZHHQ&DQG&7KHFRPSOHWHEXUQHU LV VKRZQ LQ)LJE7KHQXPEHUVRI OD\HUV WR DFKLHYH WKH ILQDO
KHLJKWRIHDFKSDUWRIWKHFRPSRQHQWDUH
x OD\HUVIRU&
x OD\HUVIRU&
x OD\HUVIRU&

)LJD,QQHUVLGHZDOORIFRPELQHGFRPSRQHQWDQGEFRPSOHWHEXUQHUUHEXLOG

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$QDQDO\VLVRIWKHPLFURVHFWLRQVKRZVDQXQGLUHFWHGGHQGULWLFPLFURVWUXFWXUHLQDOOWKUHHSDUWV&&DQG&RI
WKHFRPSRQHQW)LJ7KHGLIIHUHQWSDUDPHWHUVHWVLQGLFDWHQRLQIOXHQFHRQJUDLQJURZWK&RQVHTXHQWO\WKHFKRLFH
RIWKHSDUDPHWHUVFDQEHPDGHRQEDVLVRIWKHUHVXOWLQJWUDFNZLGWKZKLFKDOORZVDQHDUQHWVKDSHPDQXIDFWXULQJ
ZLWKRXWGLIIHUHQFHVRIWKHUHVXOWLQJVWUXFWXUH

)LJ0LFURVWUXFWXUHRIWKHGLIIHUHQWSDUWV&&DQG&
7KHSRURVLW\ LV DQDO\]HGE\DSKDVHGLVWULEXWLRQZLWK ,PDJLF ,06&OLHQW RIPHWDOORJUDSKLF FURVV VHFWLRQV DQG
VKRZVXSWRLQWKH/0'EXLOGXS7KHKLJKHVWQXPEHURISRUHVLVGHWHFWHGLQWKHDUHDRIWUDFNDQGOD\HUERQGLQJ
HVSHFLDOO\IRU&DQG&ZLWKDGMDFHQWWUDFNVIRUOD\HUFUHDWLRQ)LJ2QHUHDVRQPLJKWEHDWRRORZODVHUSRZHU
VR WKH KLJKHU ODVHU SRZHU RI SDUW & VKRZV D ELJJHU WUDFN VL]H EXW D VLPLODU SRURVLW\ OLNH WKH RWKHU SDUWV 7KH
KDUGQHVV RI GLIIHUHQW /0' SDUWV DQG SDUDPHWHUV DUH FRQVLVWHQW RYHU WKH ZKROH EXLOGXS )LJ  $ GHFUHDVH RI
+9WR+9LVGHWHFWHGEHWZHHQWKH6/0JHQHUDWHGJURXQGPDWHULDODQGWKH/0'SDUW


)LJ+DUGQHVVRYHUWKHEXLOGXS
&RQFOXVLRQ
7KH LQYHVWLJDWLRQV VKRZ WKH SRVVLELOLW\ RI GLIIHUHQW WUDFN VL]HV IRU D QHDU QHW VKDSH'HYLDWLRQVZHUH GHWHFWHG
EHWZHHQ FDOFXODWHG SDUW VL]HV E\ XVLQJ WKH PHDVXUHG ZLGWK RI VLQJOH WUDFNV $ GRZQ IDOO RI HGJH DUHDV FDQ EH
FRPSHQVDWHGE\DGMXVWHGEXLOGXSVWUDWHJLHV&KDQJHVRIWKHVWDUWLQJSRLQWEHWZHHQLQQHUDQGRXWHUHGJHDVZHOODV
DGGLWLRQDOWUDFNVZHUHQHHGHGIRUDFRQVWDQWFRPSRQHQWJURZWK$UHEXLOGFRXOGEHVKRZQIRUWKHFRQQHFWLRQDUHDRI
D WXUELQH JDV EXUQHU 7KH SRURVLW\ LV FRQVWDQW RYHU WKH ZKROH /0' SDUW DQG QR GLIIHUHQFH FRXOG EH PHDVXUHG
EHWZHHQDKLJKDQGDORZODVHUSRZHU
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRDFNQRZOHGJHWKH,QYHVWLWLRQVEDQN%HUOLQ,%%IRUIXQGLQJWKHUHVHDUFKE\WKHLUVXSSRUW
SURJUDP3UR)LWDQGWKH)HGHUDO,QVWLWXWHIRU0DWHULDOV5HVHDUFKDQG7HVWLQJIRUVXSSRUW
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